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w__ﬂr (Sourcc'- Textbook Sec 5.4 Exercise "s‘l)
Work rco\/wrec\ 4o wove a vYocket ‘f"“"‘ “the surface of earth

+o another ?th 1+ wetecrs GFrom “the center of eatth) s

/ GmM L, dx T Joule or neuwston - meter
X D

where G Ts a4 constant in newoton metecs® /called ar“V“‘ﬂ‘HDV\“\
k%’- Constant 3

m  is the wmass in k%_ - “+he Y‘oc_ka‘b)

M s the mass ™ kg of earth,

R o the vadius of eacth .

Evaluate :
Gm M _1 dx = GW\M X GMM(———'PQ

The wock *‘E“\)M'lfeal 4o free +e rocket —Fram eardhs  aravity ?ul\

s meMax— Lim  GmM "z“ﬂ: GMMGQ

i;—rx/ A

Vocab: —his Cov\w;r‘b is called an improper Tategcal,

evenn when Hhe [(imit  dees not exist
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o - roo Def - : ~
New V\O"'a*\Oﬂ : -iiax = ‘bm L Ax if the V‘\a\r\'\' \and Sl%
\

..b - 00 X2 exists
i

m Definition of an Improper Integral of Type 1

() TF [ £(x) dx exists f ber ¢ = a, th Example: [ |  def £

a a X X €X1S(s Tor every number 7 = a, then X e~ .

: amT . [ —J(,_olx = le f ——>|<1o\x
(77 ax = tim [ () ax ! 7w

since the RHS is ub““l 4o a number
provided this limit exists (as a finite number).

(b) If lf f(x) dx exists for every number ¢ < b, then

J.io f(x)dx = tgrpw ftbf(x) dx

provided this limit exists (as a finite number).

The improper integrals [ f(x) dx and |”_ f(x) dx are called convergent if the
corresponding limit exists and divergent if the limit does not exist.

+

o (We Sn:S J‘#o\x is  CoNVERGENT because J;&':]f -if?_o\x :%\m\s a number
I
- K-
° J- 1 ax - -D.n\)(\ \ ‘ = ‘L\HI — dn H:l ="dn S-E\ Ex 2
+ % X=t l —
S Lim B Tdg = m - Inltl=—0 SO j" LXJK is BIVERGENT

ty—es 4% T Lv-w —o0
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m Definition of an Improper Integral of Type 1
(c) If both | f(x) dx and [* f(x) dx are convergent, then we define ~ any numbec =
will cesult
oo dbf a o in e Sam
j, f(x) dx = j_ f(x) dx + f f(x) dx ,M:Lp& ©
® a
Waening - ¥ [ fedx or [ feodx i divergent,
a —00
(s}
—then We Sa5 } ~F(x) dx s c\?v&raq_r\‘l‘.

" Both rw‘FCK3 dx and /,ﬂ _F(’O dx wust be unve.rae_n"t-
a

—For /»‘”_)c&) +o \oe Convv.(‘ae.n"‘.

) ! dx E’( 2

Evaluatej. 5 dx.
-= 1 + x —_—
T %
f { - ax = acctan (1) = acctan (£) — acckan (o)
o (+X o o Y Inrctnn(x)
-b L,Q,T _ -n' 777777777 ‘ 777777777

Jim [ | dx = UM grcban (8) = o 0
_L_? a) o \‘\'XL -L—? S — } _________
o o
I L " axX = arcton Cﬂ) = atctan CO) — acctan C-&)
't (X L ~— o

o _ T

Jim f U ax = lim —arctan () = ’(’%)' 2
47 —0 LA x> t—r-00
*0 o2 i b
L _Ix = ( | _Jdy= X+ 1
So [ [ +X* x> dx + /H-X" z =
0 —o2
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7.8 |m‘>ro-‘>e,r |n+eﬂrals (T‘JF" 2> fj

b
Th& Sambo\ f‘F&) Ax meons  an  immpropec Tr\'\’Q\D\ra‘
n

i 0 hos an infiaite discontinuity n [a,b]

y

@ Definition of an Improper Integral of Type 2

(a) If f is continuous on [a, b) and is discontinuous at b, then From wow o7y
[} r@ax= tim "o ax hen gou st
a t—b~ Ja
b
if this limit exists (as a finite number). / 7[@ d £, 36“ nggol
(b) If f is continuous on (a, b] and is discontinuous at a, then a
fbf(x) dx = lim, fhf(x) dx fo 7£715+ defermine
a t—a 1 -
whedber it I""f‘mf’e"r
if this limit exists (as a finite number). int raI Ly c hebff_ﬂ

The improper integral f;’ f(x) dx is called convergent if the corresponding limit  £oite oliscortini _{_7
exists and divergent if the limit does not exist. ¢ npeite

,.]C ’]C in Lo‘ LJ\
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Fde2 mdx X 1
. ) | L
Pecaunse ;Q-_‘;'\g__l_ xl—z_z 00, the Lunction T has an inlinite
S _ N
frsconiniy in (51, 50 Fhe symbel [Tde eans Trproper Tnfgeal
|5
—dx - f@—z)z dn= (%2 } - ;(':‘—9. —Jﬁ)
’ I is an 7erﬂf’e"
’ = Z inteqen| (new
I1m J I - VQ—TM 2 (\[Z - '\:"9_) = S\\]E JI—Q. '_3 gglﬂcer{r l)
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" is a wSu(a
g W3 GENT. Jr-g inteyta
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(3] Definition of an Improper Integral of Type 2 1S

(c) If f has a discontinuity at ¢, where a < ¢ < b, and both [ f(x) dx anc

[? £(x) dx are convergent, then we define
If one of f foo dyx er
a

L f(x)dx = L f(x)dx + Lf(X) dx /\L foo dx s divergent,

Evaluate J.O - 1fp0551ble Ex & then a/;b f69 dx s Jfl/@(;jeyrf',
WARNING  WRONG COMPUTATION WARNING

3 2
@ [ ac= taletl] = @ elo= dn @
o X 4 s

| mpfoper integrals are not integrals

Because Jim ! - oo and Lim ' - _o

X1t % X217 x-l

'Fur\c,-ﬁon has an 7n-€'-n'|+t, d?sc,on"l'l'nu?-l'j «t X=1)

X -1

£ xam Fle:

f_l_,a,( is a usual
Tn'f‘ejr'q,

(Cale 1 coneept )

3
<o —-H,e &\\jm\oO) f x|—| dx ™Means TmFra‘rer‘ 7'\‘(’@(‘01'.
Y @aw contept |, Sec 7_?>

Need +o check Tthe covveraence /cl‘uverse_nc,e_ of

2 1
_.[__o\x and J’ ! ax. Se:fm‘a‘\'e(a,_

X x~1
1 0
* t
[?il“&x = Jlnl)t—\\l = dnft-t] ~ Lafo=t] = Ln [t-1] = dn(1)
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+
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|
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3 ? 2
Without even o(/\edﬁng fTI—T"’\x> we can Say f—{'_T&x is AT\le.r@er\'l',
{
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Comparisen Thm J{-of \mpropec (nteqrals

IF o < {6‘) é%&) ‘Fﬂ' X Za4 gnd f 4 (<> ax s cpnve,ra-e,n+)
a

00
THEN [.lﬁ(x) dx is (‘,onve,'{‘%eﬂb
\/"_/

" Crnaller”

|F < L % x Sa  aad D dx = 0o
o2 0 <qs fooxza o [fo e

THEN /,oo (X)AX: o (\/oc,nb: We_ iaﬂ [ -r—(;() dx s &Neraerrl-)

/g s )

I’b‘)&jerll Vocab: We Say /3&) dx is J?vergey,t
w ]l +e "

Determine  Whether fl de is Convu‘ae,n‘b_ Ex G

=%
(No-{;g,: EL":;LJ* cannet e eﬂ?‘(‘tﬁ&te‘ as an eltme..vf\*nra_

—Y—umc,ﬁon, so we Canmst evaluate 1t unkil  we ae.'(' To Sec |l.7‘l\-l5
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